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Schedule:
8:30 – Breakfast, Mingle!
9:00 - Introductions – Participants and workshop leaders.
9:10 – Brief overview of the day, find your lab space
1) Polymerase Chain Reaction (PCR) amplification to examine wildtype and CRISPRmutated DNA.
• You will perform PCR amplification of three Arabidopsis thaliana DNA samples that
come from a wildtype plant, and heterozygous and homozygous mutant plants.
• You will work in pairs to set up the three PCR reactions, one for each of the three DNA
samples.
• In groups of four, you will prepare the agarose gel for electrophoresis of the DNA
samples (three gels for the class). The gel will be used after the PCR run is completed.
2) Working with living plants in the classroom.
3) Electrophoresis of your PCR samples. One gel for each group of four.
4) Plant DNA isolation – done individually.
5) Available at any time – dissecting microscopes for looking at plant materials.
9:15 – Introduction to PCR of Plant DNA – Introduce student helpers
PCR, CRISPR, What are we assaying?
9:30 – Set up PCR reactions
10:00 – Set up gels
10:30 - Break
10:45 – Working with seeds and plants in the classroom
https://sites.google.com/arps.org/plants-ms-science/home
11:45 – Load PCR reactions on gels
12:00 – Isolate plant DNA
12 :30 – View gel data
1:00 –Tour LSL – Optional
Always available – dissecting scopes for viewing plant material.

PCR Amplification of Arabidopsis DNA
Wear Gloves. Use new pipette tips for all additions. Be cautious to not contaminate reagents.
PCR Sample Prep
1. Master Mix for 1 reaction: Multiply the volumes below for the number of samples you have
plus half a reaction extra. Today you have three samples.
For a 20 µL PCR Reaction:
•
•
•
•
•
•

12.5 µL H2O (sterile double distilled)
4 µL 5X Phusion HF buffer (ThermoFisher or NEB)
1 µL Forward primer
1 µL Reverse primer
0.5 µL 10 mM dNTPs
0.5 µL Phusion Polymerase

Each pair will have your own primers, and dNTPs, HF buffer, H2O and polymerase will be
shared on a lab bench.
2. Add 19.5 µL of above mixture to each of three labeled 200 µl PCR tubes
3. Add 0.5 µL genomic DNA = 20 µL PCR reaction. Mix by pipetting gently up and down.
Thermocycler Instructions
1.
2.
3.
4.
5.
6.
7.
8.
9.

Turn on thermocycler - Locate the switch on back of the machine, all the way to the right
Select “RUN Program” using the Proceed button
Select program “AKR” - Should be the first program. Again, press the Proceed button
Select “ENABLE heated lid”
Press Pause (same key as “.”) and wait for the block to heat to 98 C- this happens fast.
At this point, the thermocycler will not proceed unless prompted, so samples may be
centrifuged (briefly) at this time to make sure sample is in bottom of tube
To load samples, press the blue lock located on the lid
Open the lid gently, and place samples into the heated block
Be careful, both the lid and block are very hot at this point
Make sure to secure the lids of each sample, using a pen cap to push down the lids
securely
Close the lid of the thermocycler
No need to touch the blue wheel located at the top of the lid.
Press Proceed to begin the PCR program, the thermocycler will proceed to step 2 and
run the program to completion.

Thermocycler settings for this run (in minutes:seconds) (Total run time ~ 1 hour)
1.
2.
3.
4.
5.
6.
7.

3:00 at 98 °C
0:30 at 98 °C
0:30 at 63 °C (This temperature is specific to the primers used)
0:30 at 72 °C
Repeat steps 2-4 34X
3:00 at 72 °C
Infinity at 8 °C

Agarose Gel Electrophoretic Separation of DNA
Materials
-

Agarose
1X TBE Buffer
- 2 mM EDTA pH 8, 0.089 M Boric acid, 0.089 M Tris base
SeeGreen™ nucleic acid stain (https://www.minipcr.com/product/seegreen-nucleic-acidgel-stain/)
PCR product (20µl) -With 4 uL of 5X loading dye added
1 Kb DNA ladder (ThermoScientific GeneRuler 1 kb Ladder:
https://www.thermofisher.com/order/catalog/product/SM0311.)
p10 micropipette
Bluegel™ electrophoresis + transillumination system
https://www.minipcr.com/product/bluegel-electrophoresis-with-built-in-illuminator/
50 mL graduated cylinder
250 mL flask

Procedure
Making a 1% agarose gel
1. Weigh out 0.2 grams of agarose into a tared 250 mL flask (This has been done for
you)
2. Into the same 250 mL flask pour 20 mL of 1X TBE buffer
a. Swirl gently to mix
b. Cover flask with a cap or plastic wrap
3. Microwave on medium for 2 minutes, until solution boils and agarose is completely
dissolved
4. Let solution cool at room temperature for 1-2 minutes
5. Add 1.0 uL SeeGreen nucleic acid stain into the solution and swirl gently to mix
6. Pour mixture into gel mold with small combs and let set for at least 10 minutes
7. Remove the combs by pulling gently straight upward and remove gel from casting
platform
8. Place gel into tank with 30 mL 1X TBE buffer
Loading and running the gel
1. Add 4 ul of 5X gel loading dye to your PCR sample.
2. Load your gel:
a. To well #1 and 2.5 uL of the provided 1 Kb DNA ladder
b. To next three wells add 4 µl of three provided positive control samples.
c. To the remaining wells, add 4µl of your PCR product (with loading dye already
added)
3. Spray one pump of the bluegel ClearView Spray™ onto the inside of the orange
electrophoresis tank lid - Spread evenly with the provided microfiber cloth
4. Place lid on electrophoresis tank (loaded samples closest to the negative end) and press
the power button - You should see bubbles forming inside the chamber
5. Let gel run for 30-40 minutes, visualize occasionally by pressing the light button
6. When time for imaging, place the provided FoldAView™ cover over the electrophoresis
tank, press the light button, and take a picture of the gel with your phone.

Edwards DNA Extraction
Background: Nucleic Acids Res. 1991 Mar 25; 19(6): 1349. doi: 10.1093/nar/19.6.1349
“A simple and rapid method for the preparation of plant genomic DNA for PCR analysis”
The extracted DNA can be used for Polymerase Chain Reaction (PCR) amplification of specific
DNA in the sample. Because PCR is so sensitive, preventing sample contamination is critical.
Gloves must be worn and care taken to prevent cross contamination during pipetting or other
sample manipulation.
Materials
✔
✔
✔
✔
✔
✔
✔
✔
✔

Tweezers/scissors – for removing leaf tissue from a plant as necessary
Gloves
1.5 mL Microcentrifuge tubes and rack
Number of samples x 2 – label two tubes for each sample
Plant sample: Leaf or leaf piece ~ 1.0 cm square
Plastic pestle
Extraction buffer: 200mM Tris-HCl pH 7.5, 250mM NaCl, 25 mM EDTA, 0.5% SDS
Isopropanol
TE (Tris-EDTA) – 10mM Tris-HCl, pH7.5, 1mM EDTA

Procedure
1) Place plant tissue sample into labeled 1.5 ml microcentrifuge tube
2) Grind tissue:
Grind leaf at bottom of tube with sterile plastic pestle, briefly, but thoroughly.
3) Add 500 μL of Edwards extraction buffer at room temperature and grind further till no large
leaf pieces are visible.
Note: Can leave sample at RT while other samples are prepared if doing more than one sample.
4)
Centrifuge for 5 min at maximum speed in microcentrifuge (13000 rpm)
5)
Prepare new 1.5 ml microcentrifuge tubes while samples are spinning. (Could also be
done at start of the experiment).
Labeled for each sample – fill with 300 μL isopropanol
6)

7)
8)
9)
10)
11)
12)

Remove samples from centrifuge.
Carefully, without transferring any of the plant material, remove 300 μL of supernatant
and add to the appropriately labeled tube with isopropanol. Discard first tube.
Invert tube a few times and allow to sit for a minimum of 2 minutes
Centrifuge samples for 10 minutes at maximum speed (13000 rpm)
Discard supernatant
Can pour out into sink; Pellet most likely not visible
Dry pellet
air dry inverted, open tube on clean paper towel for 10-15 minutes, making sure no liquid
remains
Add 100 μL TE –
Store overnight at 4 C before first use to allow best resuspension of DNA.
Resuspend DNA by pipetting up and down or vortexing.
Store samples at -20 C for longer term storage.
Use 0.5 μL as template in a 20 μl PCR reaction.

Public Websites for students to explore molecular biology:
NCBI - https://www.ncbi.nlm.nih.gov/
Protein Data Bank - https://www.rcsb.org/
Uniprot - https://www.uniprot.org/
Alphafold - https://alphafold.ebi.ac.uk/
Joint Genome Institute - https://img.jgi.doe.gov/
Phytozome - https://phytozome-next.jgi.doe.gov/
PFAM - http://pfam.xfam.org/
Expasy - https://www.expasy.org/

TAIR – The Arabidopsis Information Resource - https://www.arabidopsis.org/ (this site
may require a subscription after a certain number of accesses/unit time.)

Interested in Performing PCR in Your Classroom?
Equipment available to teachers for classroom experiments:
1)
2)
3)
4)

Thermocycler
Electrophoresis units
Micropipetters
Microcentrifuge

Materials available – Buffers, other reagents, plasticware and plant materials.

Interested is getting paid to develop a lesson plan/curricular materials?
Funds are available for up to 10 paid days ($250/day) in Summer 2022. Dates fully flexible, i.e.
two weeks straight, 3 or 4 days a week, or whatever works for your summer schedule.
Help with planning PCR experiments and use of available materials or use of above websites.

